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Abstract 
A laminated composite may fail by various mechanisms: debonding, delamination, fiber fracture, matrix cracking, 
and fiber buckling. The fiber fracture possess the greatest threat the structure integrity. However, the progressive 
debonding often increases the load sustained by the fiber; therefore, it may promote the fiber fracture. It is clear that 
data of the debonding strength are crucial. Unfortunately, the experiment for the purpose is often difficult particularly 
in a high-strain rate case. In this paper, we present an experimental technique to obtain the mechanical properties of 
the debonding in the high-strain rate case. 
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1. Introduction 
Debonding is a prominent fracture mechanism particularly in a long fiber reinforced composite 
structure. Therefore, characterizing the debonding properties such as the strength and the fracture energy 
is essential.  
Many systematic investigations [1--17] have been performed to study the debonding despite existence 
of many challenges particularly in the experimental aspects. Within this respect, one major issue is related 
with the specimen design. The specimen should allow one to easily produce the debonding on various 
loading conditions, to easily observe the debonding process, and to easily measure parameters related to 
the debonding. 
The experiments in studying the debonding phenomenon can mainly be divided into two groups: the 
fiber pull-out testing method and the fiber push-out testing method. The fiber pull-out test particularly 
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specimen. On each specimen, four strain 
mechanical properties of the glass fiber 
ratio, and 1165 kg/m3 for density; mean
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2.2. The Finite Element Model of the Deb
For the above specimen design, the de
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such the observed debonding on the spe
specimen was produced by means of the H
Figure 2: The finite element model of the debon
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In the above equation, G denotes the coh
composites [23]. 
2.3. The Model Calibration and Results 
The identification of the cohesive z
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the simulation results.
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3. Discussion 
We first discuss comparisons of the model predictions and the experimental data from a macroscopic 
level and then from a microscopic level. At the end, we discuss the mode mixity of the debonding-tip 
during propagation.  
In the macroscopic level, we compare the strain time history recorded in the experiment to those 
predicted by the model. Only the case of 1 mm bundle-fiber specimen is presented in this paper due 
limitation of the space. Figure 4 shows a comparison when the matrix ahead of the notch fractured; 
meanwhile, Fig. 5 shows a comparison when the debonding has also occurred on the interface. In general, 
those figures show that the model reasonably reproduced the data recorded in the experiment particularly 
along the time of the stress wave reached the measurement point; however, during the unloading, 
significant deviation exists between the two, but this clearly due to the error in the experimental data. 
Rather similar nature were also observed for the case of 2 mm bundle-fiber specimen. Hence, we conclude 
the model is acceptable in the macroscopic level.  
In the microscopic level, we compare the debonding length obtained in the experiments to those 
predicted by the model. For the two-type of specimens, the results are reproduced in Fig. 6 for the 1 mm 
bundle-fiber specimen and in Fig. 7 for the 2 mm bundle-fiber specimen. We should note that the 
maximum strains in the figures are those associated with the reflected tensile stress-waves. In this 
comparison, unlike the comparison of the strain-time history, reasonable deviations existed between those 
two data. The deviations were mainly due to scattering of the maximum strain and debonding length data 
obtained from the experiments; meanwhile, the relation between the maximum strain and the debonding 
length obtained from the model was more consistent. However, from a statistical point of view, the 
experimental data seems to scatter around the model predicted data within an acceptable band. Therefore, 
the model also reasonably reproduced the experimental data in the microscopic level.  
The crack was initiated at the notch root, then propagated to the interface, and finally, kinked to the left 
and the right on the interface. The tensile stress-wave reached the notch around 136.8 μs, and instantly, 
initiated debonding on the interface. Initially, the normal component was slightly bigger than the 
tangential component; but the tangential component quickly increased. At a certain debonding length, the 
mode mixity became a constant, and the debonding mainly propagated at the case. 
4. Conclusion 
In conjunction with the numerical model of the debonding of Xu and Needleman [19], we have 
proposed an experimental design that allows us to characterize the debonding properties. In this particular 
design, when the debonding is reasonably long, the debonding propagates at a constant mode mixity on 
the dynamic loading condition as well as on the static loading condition [15], but a different mode mixity 
can easily be obtained by changing the radius ratio of the fiber and the matrix. Since the debonding 
characteristics strongly depend on the mode mixity [24] the current specimen would allow one to obtain 
easily the debonding characteristics for a wide range of the mode mixity.  
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